This research aims to determine the effectiveness of cooperative groups, organized according to learning styles, on students' physics success. The research was designed according to non-equivalent control group design. In the experimental group, the students were assigned into cooperative groups heterogeneously according to their learning styles and in the control group the students were assigned into cooperative groups according to their academic success. At the end of the research, it was seen that the students in the experimental group were more successful than the students in the control group. In addition, it was determined that there was no significant difference on the experimental group students' success according to their learning styles, but that the auditory students were more successful than the visual and kinesthetic ones in the control group.
INTRODUCTION
Each person has his/her own way of learning. Some people learn better by watching, some by listening and some by touching (Dodge, Colker & Heroman, 2002) . These differences in people's learning are explained by learning styles. "Learning style is the way in which each person absorbs and retains information and/ or skills" (Dunn, 1984 p.12) . As the path each person follows while learning is different, such differences need to be taken into consideration when establishing an effective learning environment.
A learning environment can be categorized as one of three types: competitive, individual and cooperative (Johnson & Johnson, 2000; Johnson, Johnson & Holubec, 1994) . In a competitive learning environment, students try to be the best while, in an individual learning environment, students study independently from the others according to their own, individual aims. In a cooperative learning environment, however, students study in heterogeneous groups, in accordance with the group goal (Marr, 1997) . It is difficult to organize competitive and individual learning environments based upon learning styles. This is because this condition requires the use of different teaching methods for each student with a different learning style. In addition, using the cooperative learning method, which is one of the active learning approaches, in a cooperative learning environment, can be helpful for the educators. Because cooperative learning has an appropriate structure for organize the learning environment according to students' learning styles.
Cooperative learning can be defined as students working together by helping each other in small groups in accordance with a common aim (Açıkgöz, 2003) . Importantly, however, although cooperative learning is group work, not all group work is cooperative learning. Group work is cooperative learning only if it has fundamental features such as positive dependency, individual responsibility, face-to-face communication, social abilities and group process (Johnson & Johnson, 1999) . Johnson, Johnson & Holubec (1998) , defined four different learning group types: the pseudo learning group, the traditional learning group, the cooperative learning group and the high-performance cooperative learning group. Among these, the high-performance cooperative learning group is the one that has the best efficiency. The most important characteristic of this group's structure is the high level of group members' willingness to working together, and the commitment of the members to each other and to the group's success. Therefore, in the research, an effort was made to increase the willingness to commit to the group and work together. To enable this, the preference was to form heterogeneous groups according to learning styles and to match the students with roles suiting their learning styles.
Forming Cooperative Groups According to the Learning Styles "Elements of learning style appeared in the research literature as early as 1892" (Fatt, 2000 p. 32 ). Indeed, Hall and Moseley (2005) determined that 71 learning styles models were published between 1902 and 2002. In this research, however, the VAK (Visual, Auditory, and Kinesthetic) model was focused on. This model refers to the sensory channels through which people take in and process information (Avis, Fisher & Thompson, 2009; Wills & Hodson, 1999) . The VAK model is a perceptual, instructional preference model that categorizes learning by sensory preferences (Miller, 2001) .
"The individual learning style has both strengths and weaknesses depending on what is to be learnt and how" (Heffler, 2001 p.308) and, for visual learners, information is best obtained by reading and looking at visual materials (Doyle & Rutherford, 1984; Felder & Silverman, 1988; Lincoln & Rademacher, 2006) . Visual learners are the silent students in the learning environment, they study by writing, and they learn more easily by looking at diagrams; figures and charts (Boydak, 2001) . In contrast, auditory learners are talkative students, and their communicative abilities are strong (Boydak, 2001) , they learn best by listening (Doyle & Rutherford, 1984) and solve problems by talking about them (Dodge, Colker & Heroman, 2002) . Kinesthetic learners learn by using the materials directly (Doyle & Rutherford, 1984) ; they are the active students of the learning atmosphere and feel disturbed in environments where they have to stay immobile for a long time (Boydak, 2001) .
Given that the group members interact with each other in cooperative groups, it is possible to create an atmosphere in which students who have different learning styles interact and help one another's learning by arranging the groups heterogeneously according to student's learning styles. This group structure enables students who have different learning styles to share the things they learn and see the events from each other's perspectives. In this way, both the willingness to study together can be increased, and the students with different styles can be prevented from learning less than the others.
To increase group dependency and to activate the method in cooperative groups, a role must be given to every group member. When considering students with different characteristics according to their learning styles, it should be understood that they cannot take on the responsibilities of random roles in the cooperative learning process. In such a case, since the students would perform roles that are inappropriate for them, they would develop both a negative attitude towards the learning process, and would not benefit enough from the process. Thus, the students need to be matched with roles suitable to their learning styles. Because forming groups heterogeneously in accordance with the learning styles produces a group with students from each learning style, it is possible to appoint a suitable person to each role. In case one of the group members is not available, the other students will have to take on responsibilities, which are not appropriate for them, resulting in a role that they do not like, and leading to dependency of the group members on one another to grow.
In this study, the students in the groups studied together to produce common answers to the questions on their worksheets; the students with different learning styles were then given roles as set out below.
Visual students were responsible to:
• transferring the group's work into a paper • drawing the experiment plan and showing the data on a table. Auditory students were responsible to:
• explaining the answers to the questions in the worksheets to the class • presenting the experiment results to the class Kinesthetic students were responsible to:
• solving the problems on the board • preparing the experiment equipment and establishing the experiment mechanism.
Learning styles are one of the most important variables that affect students' academic achievement. There are some studies in the literature that shows students' achievement is significantly different according to their learning styles (Cano, 1999 , Aripin et al., 2008 , Tatar, Tüysüz & İlhan, 2008 . Bacon (2004) states that students' learning is significantly improved if their learning styles are correctly matched to the learning environment. Brudnell and Carpenter (1990) found that the students taught with strategies appropriate for their learning styles were more successful than the others. Miller (2001) states that students' motivation increases when the teaching process is appropriate to the student learning style. Dunn et al (1990) also identified the fact that students who were taught in a way appropriate to their learning style preferences were more successful than others. Therefore, this study aims to organize the cooperative learning groups according to students' learning styles and to investigate the impact of this method on the students' physics success.
Research questions
What are the effects of cooperative learning groups which are organized according to learning styles on students' physics lesson success?
METHODOLOGY

Research Design
This study was designed according to non-equivalent control group design with pretest and posttest. In the non-equivalent control group design, an experimental group is compared with a control group by using pretest and posttest measures. This design is similar with pretestposttest control group design. But in a non-equivalent design participants are not assign the treatment conditions at random (Reichadt, 2009 ).
Participants
The research was carried out with 48 undergraduates students (28 females and 20 males) enrolled in Physics-I course in Dokuz Eylul University, Education Faculty of Buca. The students were divided into two groups based on learning styles and the experimental and control group was formed.
Instruments Perceptional Learning Styles Inventory (PLSI)
The learning styles scale separates the students according to their learning styles into three groups: visual, auditory and kinesthetic learners. The scale, which was prepared as a fivepoint Likert scale, was applied to 351 students in the Education Faculty of Buca. To determine the validity of the PLSI, it was subjected to a factor analysis and a discriminant analysis. With factor analysis (rotated by varimax), it was determined that the total variance of the scale explained the 64% gathered under three factors, and the Cronbach Alpha reliability was counted as 0.74. Factor loadings and Cronbach Alpha reliability coefficients of each factor can be seen in Table 1 . The discriminant analysis showed that students can be separated into groups according to their learning styles by using PLSI at a significant level ( Table 2 ). The discriminant functions are derived as follows:
The total point taken from auditory items in the PLSI is X 1, total point from visual items is X 2, and from kinesthetic items is X 3. The highest score from the discriminant functions shows the student's dominant learning style. 
Mechanical Units Achievement Test (MUAT)
The MUAT, developed by the researchers, contains questions relating to Particle Dynamics I, Particle Dynamics II, and Work and Energy topics. The MUAT was applied to 254 students in the DEU Education Faculty of Buca. The KR-20 reliability coefficient of the MUAT was determined to be 0.82. MUAT consists of 25 multiple-choice items. Each correct choice is given 4 points, and an incorrect choice is scored as zero. Thus, the scores of the MUAT range from 0 to 100. Difficulty and discrimination indexes of each item can be seen in Figure 1 . Construct validity of the MUAT is provided through the feedback received from four experts in the field. 
Procedure
This research was carried out for seven weeks. Before the research, PLSI and MUAT were applied to the students in order to define the experimental group and the control group. In the research, the Student Teams Achievement Division technique, developed by Slavin (1978) , was used in both experimental and control groups. In the experimental group, the cooperative groups were formed heterogeneously according to students' learning styles, and four members were appointed to each group (there were more visual students than others, so there were two visual student in each group). In the control group, the cooperative groups were formed heterogeneously according to students' academic success depending on their University Entrance Exam points, and four members were appointed to each group. After the groups had been formed, it was time to determine the roles of the students in the groups. The pre-determined roles were written on the board, and the duties and responsibilities of the students were announced. At the end of the procedure, the students in the experimental group were matched with roles suitable to their learning styles, but the ones in the control group were matched with roles that were not suitable to their learning styles.
Each unit began with a brief presentation of each topic's important points. After the presentation, which lasted about twenty minutes, only two worksheets were given to the groups in order to provide interdependence. To find solutions to the questions on the worksheets, all of the students in the group worked together for forty minutes. The groups were asked to present their answers to the questions on the worksheets to the class in the next thirty minutes. According to their learning styles, students took the following roles in this process. The visual students composed the group report by transferring the answers into written, diagrammatic and graphic forms. The auditory students presented those answers that required verbal explanations to the class, and the kinesthetic students presented the answers that required mathematical operations on the board.
The ninety-minute lesson was conducted in the laboratory during the next period. A problem situation relating to that week's unit was given to the groups at the beginning of the lesson. The groups were asked to design an experiment in order to answer the problem situation. Students worked to design the experiment, find the equipment and form the experimental set up in thirty minutes. They then collected the data and composed their results during the next forty minutes. During the last twenty minutes of the lesson, the groups presented their results to the class. According to their learning styles, the students performed their roles as follows. The visual students drew the experimental set up and prepared the data tables. The kinesthetic students found the equipment and composed the experimental set up. The auditory students presented their group's experimental set up, data and results to the class. The lessons in the control group were conducted following the same process as with the experimental group, but the students were mismatched with roles according to their learning styles.
According to Slavin (1996) , "there are three basic concepts that are central to all Student Team Learning methods: team rewards, individual accountability, and equal opportunities for success" (p.21). To enable these conditions in the research, at the end of each unit, a thirty-minute quiz was applied to the control and experimental groups. The averages of the quiz points of the group members were calculated and five extra points were given to the group, which had the highest average. This was announced to the students one week before the application, and they were informed that their evaluations at the end of the semester would be calculated based on the following criteria: 60% from the MUAT, 20% from the worksheets, 15% from the quizzes and 5% from extra points. At the end of all the units, the experimental and control groups came together, and the research ended with the application of the achievement test as a posttest in the same lesson hour. Table 3 shows the means and standard deviations of the pretest and posttest scores of the experimental and control group students. It is seen that in Table 3 , achievement test scores of the students in both experimental and control group increased. Also post-test scores of the students in the experimental group are higher than students in the control group. Split-plot ANOVA (SPANOVA) was conducted to assess the impact of two different interventions on students' scores on the achievement test, across two-times period (pre-intervention, post-intervention). According to results of the analysis, it is seen that the organization of cooperative groups based on learning styles or academic achievement has different effects on increasing achievement test scores of students (F (1,46) = 31.50, p <.05). Taking into account the data in Table 3 , it can be said that the application in the experiment group is more effective than the application in the control group. In addition, SPANOVA test results indicate a significant increase in the post-test scores of students in both the experiment and the control group in relation to their pretest scores (F (1,46) = 265.79, p <.05). Also the main effect comparing the two types of intervention was significant (F (1,46) = 4.133, p <.05), suggesting difference in the effectiveness of two approaches.
RESULTS
The MUAT scores according to learning styles
Because the scores from the sub-dimensions of the learning styles scale do not show normal distribution, non-parametric tests were used in the following part of the study.
The means and the standard deviations of the pretest and posttest applications of the MUAT according to the learning styles are shown in Table 5 . The Kruskal-Wallis Test was used in order to determine whether or not there was a significant difference in the pre-test scores based on the learning styles. Test results showed no significant difference according to the learning styles in the pretest scores of students in the experimental and control groups (Table 6 ). The Kruskal-Wallis Test was used again to compare the post-test scores to determine whether or not there was a significant difference according to the learning styles of students in the experimental and control groups. As can be seen from the results of the test, no significant difference according to the learning styles was found between the post-test scores of students in the experimental group. However, the differences according to learning styles between the post-test scores of students in the control group were found to be significant (Table 7) . In order to determine in which groups this difference occurs, the Mann-Whitney U test was used to compare the post-test scores of students in the control group (Table 8 ). The U test results indicate that, in the control group, auditory students were much more successful than visual and kinesthetic students. The post-test scores of auditory and kinesthetic students showed no significant difference. In order to determine the relationship between students' learning styles and the MUAT scores, Kendall's tau and Spearman's rho values were calculated using rank correlation analysis. Table 9 shows the results of the correlation analysis. As can be seen from the results, a significantly positive relationship exists between the scores that the control group students obtained in the auditory dimension of the learning styles scale and their MUAT scores. On the other hand, there seems to be only a significant negative relationship between the scores obtained from the kinesthetic dimension of the scale and the MUAT scores. In other words, the successes of the students increase with their auditory characteristics, while their success decreases as their kinesthetic characteristics increase. In the experimental group, no significant relationship was found between learning styles and success. 
DISCUSSION
This research has shown that, in increasing the success of students in the physics course, the cooperative groups formed according to their learning styles are more effective than the cooperative groups formed according to their academic success. Throughout the research, students with different learning styles in the experimental group were enabled to interact with one another by forming cooperative groups heterogeneously according to the learning styles. In this way, students with different learning styles had the chance of sharing the things they learnt and seeing the events from their friends' perspectives. In addition to this, as this group structure enables students of all three styles to be in the same group, we had the opportunity of matching students with suitable roles for their individual features. Giving responsible roles to the students in the group work is one of the most important elements of the cooperative learning method. Doing so increases the dependence of students on each other. Johnson, Johnson & Holubec (1994) , call this situation of giving complementary roles to each member of group positive role interdependence. Since the students with different learning styles may possess different characteristics, matching the students with the roles should not be done randomly. At this point, the importance of arranging groups heterogeneously according to learning styles becomes apparent because arranging groups as such will make it possible to have students with different styles within the same group. Thus, each student should be assigned roles suitable to his or her learning style. In the cases when this heterogeneous structure is not taken into consideration, it is possible that several students with the same learning style are in the same group. In such cases, many students may volunteer for certain roles, while no students will undertake others. In other words, the positive dependence among the members of the group will be jeopardized at the beginning of the process. However, the findings have shown that the academic success of the students in the experimental group shows no significant difference according to the learning styles, but the auditory students in the control group were more successful than the visual and kinesthetic ones. From this finding, it can be inferred that the students in the control group could not benefit from the learning process equally. A similar result showing that the students cannot benefit equally according to their learning styles from the cooperative learning method is found by Gökdağ (2004) . When Gökdağ (2004) compared the students' achievement after the cooperative learning process, she determined that visual learners are more successful than auditory and kinesthetic learners. The compliance between learning environment and students' learning styles can be shown as a main reason for this situation. It is not possible to ensure that students from all three styles will be in the same group when forming the cooperative group according to their academic success. Because of this, while some students have the chance of taking on responsibilities appropriate to their learning styles, some do not. This situation prevents some students from benefiting from the learning process equally, and it negatively affects their success at the end of the process. This research shows no significant difference between students' success in physics lessons based on their learning styles in the experimental group, which is organized according to learning style. In this case, it can be said that the students with different learning styles equally benefit from the cooperative learning process in the experimental group. Another interesting finding from the research is revealed when the relationship between students' PLSI and MUAT scores are analyzed. In the control group, students' MUAT scores were directly proportional to their auditory scores and inversely proportional to their kinesthetic scores. In other words, a student's success increases when his /her auditory learning style becomes more dominant and decreases when his/her kinesthetic learning style becomes more dominant. In this context, it can be said that auditory learners benefit most in the cooperative groups organized by taking into account academic success. Alfonseca et al. (2006) and Hench (1993) emphasize that learning styles affect the performance of the students when working together. Therefore, students' learning characteristics should be taken into consideration, and the process should be planned according to these characteristics even when an effective method such as the cooperative learning method is used.
